OBJECTIVE: To examine whether birth weight, weight gain from birth to the age of seven or body-mass index at the age of seven have any association with metabolic syndrome as an adult. DESIGN: A population study. SUBJECTS: 210 men and 218 women out of a total 712 subjects aged 36, 41 or 46 years in Pieksa È ma È ki town, Finland. MAIN OUTCOME MEASURES: Weight at birth and weight and height at the age of seven and metabolic syndrome de®ned as a clustering of hypertension, dyslipidemia (hypertriglyceridaemia or low high-density-lipoprotein cholesterol), and insulin resistance (inferred by abnormal glucose tolerance or hyperinsulinaemia). RESULTS: No association was found between birth weight and the metabolic syndrome as an adult. Among obese children at the age of seven (body-mass index in the highest quartile), the odds ratio (OR) for the metabolic syndrome in adulthood was 4.4 (95% CI 2.1-9.5) as compared to the other children (the three other quartiles combined). After adjustment for age, sex and current obesity, the risk of the syndrome still was 2.4 (95% CI 2.1-9.5). CONCLUSION: We could not replicate the close association between low birth weight and the metabolic syndrome in adulthood as has been shown in some earlier studies. Obesity at the age of seven predicts the metabolic syndrome in adulthood.
Introduction
Insulin resistance has been suggested to be the primary abnormality in metabolic syndrome; a clustering of cardiovascular risk factors such as hypertriglyceridaemia, low high-density-lipoprotein (HDL)-cholesterol, abnormal glucose metabolism, hyperinsulinaemia and often hypertension. 1±5 It has also been shown that obesity is closely associated with insulin resistance and that it could be the`generator' for metabolic syndrome. 6 Furthermore, we have recently shown that the risk of metabolic syndrome is especially high among those subjects who have been permanently obese from the age of seven to middleage. 7 Since there is also evidence to suggest that a low birth weight predicts the later occurrence of metabolic syndrome, 8±10 we were interested in ®nding whether obesity or a high relative weight gain as a child we re¯ected in the occurrence of the syndrome as an adult.
Material and methods
All subjects (n 1008) born in the years 1947, 1952, and 1957 in Pieksa Èma Èki, Finland were invited to attend examinations for the prevalence of metabolic syndrome, and 712 (71%) subjects participated. In the health examination, body-mass-index (BMI), waistto-hip ratio (WHR), blood pressure, and non-insulindependent diabetes (NIDDM) of ®rst degree relatives were recorded. In those subjects having either a close relative with NIDDM, or BMI !30 kgam 2 , or WHR !1.0 in men and !0.88 in women, or using any antihypertensive drug or having a systolic blood pressure !160 mmHg, or a diastolic blood pressure !95 mmHg, blood sample, were taken for measurement of fasting blood lipids (cholesterol, HDL-cholesterol, triglycerides), fasting plasma insulin, and two hour glucose tolerance test (75 g of glucose) according to the protocol described elsewhere. 11, 12 In the present study, metabolic syndrome was de®ned as a clustering 1±4,11,12 of: (1) high blood pressure 13 (either a systolic blood pressure !140 mmHg, or a diastolic blood pressure !90 mmHg, or antihypertensive drug treatment), (2) dyslipidemia 14, 15 (hypertriglyceridaemia !1.70 mmolal, HDL-cholesterol`1.0 in men and`1.20 in women, or both), and (3) insulin resistance 16, 17 (inferred by abnormal glucose metabolism according to the WHO criteria or fasting hyperinsulinaemia !13.0 mUal). As we have shown in this population earlier, 11 by using the above described screening method the metabolic syndrome as de®ned was detectable with a sensitivity of 96%.
Weight and height at age of seven were traced for 439a712 (62%), records of birth weight for 428 (60%), and length at birth for 163 (23%) individuals. Records of both birth weight and BMI at age of seven were available for 344 (48%) subjects.
Childhood obesity was de®ned as the sex-speci®c highest quartile of BMI at age of seven, and adulthood obesity as the sex-speci®c highest quartile of the current BMI, meaning in this study BMI b 28.2 kgam 2 in men, and BMI b 27.9 kgam 2 in women. The relative weight was de®ned to be increased in childhood, if the quartile of BMI at the age of seven was higher than quartile of weight at birth.
Statistical analysis was performed by using SPSS for Windows 95. Means of the variables are presented with standard deviation ( AE sd). The relative risk (Odds ratio) of the syndrome in different groups according to the relative weight change from birth to the age of seven, and according to the quartiles of BMI at age of seven were calculated by using the logistic regression analysis.
Results
Among the 428 subjects with records of birth weight, the metabolic syndrome was present in 8% (n 34) of men and women. The means of birth weights did not differ for each other in the groups of individuals with or without the metabolic syndrome (3557 grams vs 3511 grams. P 0.624), and the prevalence of the syndrome ranged without any statistical signi®cance from 5.6% to 11.3% in different quartiles of birth weight (Table 1) . Adjustment for age, sex, and the current BMI did not change this result.
Among the 439 subjects with data of BMI at the age of seven, the metabolic syndrome was present in 18a219 (8%) men, and in 12a220 (6%) women. In the individuals having the syndrome, BMI at the age of seven was statistically signi®cantly (P 0.001) higher 16.3 AE 2.4 kgam 2 as compared to 15.3AE 1.4 kgam 2 in the subjects without the syndrome. In the highest quartile of BMI at the age of seven, the crude OR for metabolic syndrome as an adult was 4.4 (95% CI 2.1±9.5), as compared to the three lowest quartiles combined. After taking into account age, sex, and the current obesity, OR for the metabolic syndrome in adulthood still was 2.4 (95% CI 1.0±5.6) among the obese children ( Table 1) .
The OR for the metabolic syndrome was 2.3 (95% CI 1.0±5.5) in those subjects whose relative weight had been increased, as compared to the individuals whose relative weight was the same or had been reduced from birth to age of seven. Adjustment for age, sex, and the current obesity, reduced the OR for metabolic syndrome as an adult to 1.6 (95% CI 0.7± 3.7) ( Table 2 ).
Discussion
The small numbers of cases and variability of effects are weaknesses of our study, but the presented results however are in line with result of Hulman et al. 18 showing that the origins of adult risk of cardiovascular disease and non-insulin-dependent diabetes can be related to somatic growth as a child, but not necessarily intrauterine growth. Our study therefore provides further evidence that the occurrence of the metabolic syndrome as an adult may have an association with childhood obesity and that a relative body weight gain in childhood also may re¯ect in the occurrence of the metabolic syndrome in adulthood. However, we could Childhood weight and adult metabolic syndrome MJ Vanhala et al not replicate the close association between low birth weight and metabolic syndrome in adulthood as described by Barker et al 8 and also shown in some other studies. 9, 10 Insulin resistance with the compensatory hyperinsulinaemia is the primary defect in metabolic syndrome. 1 ± 4 It is also known that insulin is a potential growth factor. 19 In our study, 17 of the 30 adults (57%) with the syndrome had been obese at the age of seven. The crude OR for the syndrome was 2.3 among those individuals whose relative weight had been increased before the age of seven. Although the statistical signi®cance disappeared in the adjustment for age, sex, and current obesity, these results suggest that there could be an association between the metabolic syndrome and the relative weight gain in childhood. Furthermore, those subjects obese as children had a crude relative risk of 4.4 for the metabolic syndrome as an adult. Adjustment for age and sex did not reduce the OR for the metabolic syndrome. Even after taking into account current obesity, the OR for the syndrome occuring in adulthood for those obese as children was 2.4 (95% CI 1.0±5.6). We know that BMI alone is not a perfect measure of adiposity and therefore, the data of WHR in childhood would have given more information of the possible association between the metabolic syndrome and the type of obesity. Our ®nding however suggests that childhood obesity de®ned according to the BMI predicts metabolic disturbances in adults. One possible explanation is that insulin resistance is present already in early childhood and might also result in weight gain of the child. Another explanation for our result is that both obesity and metabolic syndrome may have some common, yet unknown etiologic factor.
Conclusion
We conclude that obesity and also a relative weight gain in childhood may carry an additional burden for the metabolic syndrome as an adult. Since we know that gaining weight in childhood like adulthood is increasing in westernized countries, 20 our ®nding should alert health care professionals to start early prevention in the families of an obese child to reduce NIDDM and cardiovascular disease in later life. Childhood weight and adult metabolic syndrome MJ Vanhala et al
